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INTRODUCTION

Breast cancer is the most commonly diagnosed female-spe-
cific cancer, and shows an increasing trend in diagnosed cases 
[1]. Global statistics have shown that breast cancer is the sec-
ond leading cause of cancer-related death in many women 
worldwide, second only to lung cancer [2]. Breast cancer con-
stitutes 16% of all cancer diagnoses in Iran and is the fifth 
most common cause of death in Iran [3]. Many researchers 
have examined the cellular and molecular aspects of breast 
cancer. Despite of these investigations, many susceptibilities 
and risk factors for breast cancer are not well established [4]. 
There are many genes involved in growth, differentiation, and 
apoptosis, and variation in these genes may influence breast 

cancer susceptibility [5]. One group of these genes is involved 
in steroid hormone metabolism and transport [6].

Previous preclinical evidence has demonstrated a signifi-
cant inverse association between 25-hydroxyvitamin D 
(25(OH)D) serum levels and breast cancer risk [7]. In vitro 
and in vivo studies have shown apoptotic and antiproliferative 
effects of vitamin D against various types of cancers, including 
breast cancer [8]. The active form of vitamin D regulates 
growth, differentiation and apoptosis that is mediated by the 
vitamin D receptor (VDR) [9]. VDR is a member of the nu-
clear receptor family of steroid hormones that acts as tran-
scriptional regulatory factor in most tissues [10]. This protein 
has an essential role in complex process of proliferation and 
differentiation of cells by controlling transcription of mediator 
or target genes [11]. VDR-vitamin D complex, along with the 
retinoid X receptor family, binds to vitamin D responsive ele-
ments in the target genes’ promoters to induce or inhibit these 
genes [12]. A previous animal model study showed enhanced 
growth and proliferation of breast tissue in VDR knockout 
mice [13]. The human VDR gene is located on the long arm of 
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chromosome 12 (12q12–14) and includes 11 exons (Figure 1) 
[14]. There are several single-nucleotide polymorphisms 
(SNP) on the VDR gene, and breast cancer prevalence is asso-
ciated with various SNPs of this gene [15]. One of these poly-
morphisms, a variant length of the poly(A) microsatellite 
(rs17878969), is located in the 3́ -untranslated region of the 
VDR gene (http://www.ncbi.nlm.nih.gov). According to pre-
vious studies, this locus contains a variable number of adenine 
(A) repeats that lead to different allelic lengths for the locus 
[16,17]. Variety in poly(A) length may affect the VDR gene 
expression by influencing posttranscriptional regulation [18]. 
In this study, we determined the length of the poly(A) micro-
satellite in 134 breast cancer patients and 127 matched con-
trols from northern Iran and examined the relationship be-
tween the VDR poly(A) microsatellite length polymorphism 
and 25(OH)D levels, and how affect breast cancer risk.

METHODS

In a case-control study, all subjects were randomly selected 
from Shahid Rajaee Oncology Hospital (Babolsar, Iran), dur-
ing 2009 to 2013. Patients gave informed consent, and a de-
tailed medical and cancer history was obtained from all sub-
jects. A case group comprising 134 patients with breast cancer 
as case group and a control group comprising 127 healthy 
women as control group were selected. Six milliliters of blood 
was collected from all participants in each group. Three milli-
liters were preserved in tubes containing ethylene diaminetetra-
acetic acid-sodium salt (EDTANa2) at −20°C for DNA extraction 
purposes. Sample volume was maintained across both groups 
for vitamin D estimation. All blood sample collection was 

conducted with the approval of the Medical Research Ethics 
Committee of the Babol University of Medical Sciences (IRB 
number: 8929931). Samples in the control group were matched 
to the patients in the case group for age.

DNA extraction
DNA extraction from blood was performed by salt precipi-

tation [19]. To ensure the integrity of the extracted genome, 2 
μL of each sample was electrophoresed and its concentration 
was determined at absorbance of 260 nm. Extracted DNA was 
used for poly(A) repeat genotyping in VDR gene.

Vitamin D estimation 
We measured the serum 25(OH)D levels of 117 patients 

with breast cancer and 113 control subjects whose allele and 
genotype frequencies were in accordance with all samples 
(134 cases and 127 controls). Serum total levels of 25(OH)D 
were determined by electrochemiluminescent immunoassay 
on an Elecsys automated analyzer (Roche Diagnostics, 
Mannheim, Germany) and using Elecsys Total Vitamin D 
(25-OH) kit (Roche Diagnostics).

Polymerase chain reaction
Poly(A) microsatellite genotyping was performed by single-

strand conformation polymorphism (SSCP) polymerase 
chain reaction (PCR). For this purpose the entire genomic se-
quence of human VDR gene was deduced from the National 
Center for Biotechnology Information (NCBI) (AC number: 
NG_008731). Forward and reverse primers were designed by 
GeneRunner software (Hastings Software, New York, USA). 
Amplification of DNA fragments was performed by PCR in a 

Figure 1. Genomic structure of the vitamin D receptor (VDR) gene on chromosome 12q13, and locations of single nucleotide polymorphisms (SNPs)
on VDR gene. The VDR chromosomal gene containing a total of 11 exon. VDR poly(A) variant is located in 3´-untranslated region.
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final volume of 25 μL containing 1X PCR buffer, 0.8 mM 
MgCl2, 0.2 mM dNTPs, 0.2 mM of each primer (forward: 
5́ -CAGTTTGGGAGGTCGAGGTA, and reverse: 5́ -TTGTT-
GTCCAGGTTGGAGAGTAACGG), 30 ng genomic DNA, 
and 1.25 units Taq DNA polymerase (all materials for PCR 
purchased from Fermentas, St. Leon-Rot, Germany). PCR 
was performed according to the following program: initial de-
naturation for 5 minutes at 94°C followed by 30 repetitive cy-
cles of denaturation at 94°C for 30 seconds, annealing at 
63.5°C for 30 seconds and extension at 72°C for 30 seconds. 
Final extension temperature was 72°C for 5 minutes. The PCR 
products were used for SSCP purposes. Amplification success 
was detected by 8% polyacrylamide gel visualized by silver ni-
trate (AgNO3) staining (Figure 2).

Single-strand conformation polymorphism
Detection of poly(A) length in PCR products was performed 

by SSCP. For this purpose, 3 μL PCR product was mixed with 
12 μL SSCP dye (0.05% bromophenol blue, 0.05% xylene cya-
nol, 95% formamide, 20 mM EDTA). Before loading, the 
samples were denatured at 95°C for 5 minutes and then placed 
on ice for 3 minutes. The samples were loaded on an 8% poly-
acrylamide gel and visualized by AgNO3 staining (Figure 3) 
[20].

DNA sequencing
After categorizing samples by SSCP, some homozygote 

samples were randomly selected from each group and pre-
pared for direct sequencing. For sequencing of heterozygote 
samples, each allele was extracted from polyacrylamide gel 

electrophoresis (PAGE) by crush and soak method [21] and 
then amplified by PCR. Direct DNA sequencing of the puri-
fied PCR product was performed on an ABI 3730XL DNA 
Analyzer (Bioneer, Daejeon, Korea) (Figure 4).

Statistical analysis
Hardy-Weinberg equilibrium (HWE) for the case and con-

trol groups was analyzed, respectively. For various genotypes, 
odd ratios (ORs) with a 95% confidence interval (95% CI) 
were obtained using binary logistic regression. Differences in 
the frequency distributions of the alleles and genotypes be-
tween case and control groups were evaluated by a chi-square 
test. An independent t-test was used to compare numerical 
variables. Statistical analysis was carried out with the SPSS 
version 19 statistical software package (IBM Corp., Armonk, 

Figure 2. Polymerase chain reaction product in nondenaturing poly-
acrylamide gel electrophoresis, visualized by silver nitrate staining: SS 
genotype with ~236–238 bp and LL genotype with ~241–243 bp. 

Figure 3. Single-strand conformation polymorphism (SSCP) results of 
the polymerase chain reaction (PCR) product in denaturing polyacryl-
amide gel electrophoresis, visualized by silver nitrate staining: (A) PCR 
products of the SS genotype with ~236–238 bp and LL genotype with 
~241–243 bp in SSCP gel; (B) Schematic of the adenine numeric re-
peat shown by number in single strand oligonucleotide bands or differ-
ent alleles. 
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Figure 4. Deoxyribonucleic acid electropherogram analysis of poly(A) 
repeat polymorphism in the 3´-untranslated region of vitamin D receptor 
gene regions: S and L alleles with poly(A)-microsatellite A-repeats 14–16 
and 19–21, respectively. 
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USA). All p-values less than 0.05 were considered to be statis-
tically significant.

RESULTS

This analysis included a total of 261 subjects as case and 
control samples. There were no statistically significant differ-
ences in body mass index and age between the case and control 
groups. The mean ages were 48.72 ± 9.60 and 47.04 ± 12.07 
years for the case and control groups, respectively. In this 
study, all of the breast cancer patients have been in stage II of 
cancer.

We determined the length of poly(A) microsatellite in 261 
samples. Products were grouped based on the difference in 
numbers of Adenine-repeat or difference in single-strand 
conformation in an SSCP gel. Result of sequencing showed a 
series of alleles of different lengths for this locus that con-
tained a variable number of A-repeats (from 14 to 21). The al-
leles’ size distribution was bimodal and there was obvious seg-
regation between alleles that separated them into two groups: 
short (S) and long (L) alleles. The length of poly(A) sequence 

in poly(A) S alleles was 14, 15, and 16 A-repeats, while in 
poly(A) L allele it was 19 or 21 A-repeats. Frequencies of al-
leles containing 14, 15, and 19 A-repeats were more common 
than others in this study. The poly(A) L and S alleles were dis-
tributed with frequencies of 26.3% (L) and 73.7% (S). We first 
analyzed the frequency of alleles and genotype relationship in 
susceptibility to breast cancer, regardless of 25(OH)D levels, 
and a significant association was seen. This result is presented 
in Table 1. HWE for both the case and control samples was 
examined, and no major deviation from expected HWE was 
found. Statistical analysis illustrated a highly significant differ-
ence between case and control sample for L allele carrier geno-
type (LL and LS) compared with SS genotype. The poly(A) 
variant L allele frequency was significantly higher among the 
patients compared with controls (p = 0.007). When the SS 
genotype was used as a reference, the LL and LS genotypes 
were both significantly associated with breast cancer risk.

We performed a logistic regression analysis for serum 
25(OH)D levels from patients with breast cancer and controls 
(Table 2). When the 25(OH)D levels were divided according 
to the median vitamin D level of the control, lower levels were 
associated with susceptibility to breast cancer. When the vita-
min D level was divided into three groups (tertiles) according Table 1. Genotype and allele frequencies of the VDR poly(A) polymor-

phism among cases and controls and their association with risk of 
breast cancer

VDR poly(A) 
   polymorphism

Case 
(n=134)

Control 
(n=127)

OR 
(95% CI)*

p-value†

Genotype
   SS 64 80  - -
   SL 56 41 1.70 (1.01–2.87) 0.043
   LL 14 6 2.91 (1.06–8.01) 0.032
   SL+LL 70 47 1.86 (1.13–3.05) 0.013
Allele frequency
   S allele 184 201 - -
   L allele 84 53 1.73 (1.16–2.57) 0.006

VDR=vitamin D receptor; OR=odds ratio; CI=confidence interval. 
*ORs were obtained from a binary logistic regression; †Two-sided chi-square 
test for distributions of genotype and allele frequencies between the cases 
and controls.

Table 2. Logistic regression analysis of 25-hydroxyvitamin D levels in 
patients with breast cancer and controls

Vitamin D level 
   (ng/mL)

Case 
(n=117)

Control 
(n=113)

OR 
(95% CI)*

p-value†

By median 
   <14 87 56 2.95 (1.69–5.14) <0.001
   ≥14 30 57 - -
By tertile 
   ≤9 76 37 3.90 (1.99–7.61) <0.001
   >9.0, ≤16 21 38 1.05 (0.49–2.24)  0.899
   >16 20 38 - -

OR=odds ratio; CI=confidence interval. 
*ORs were obtained from a binary logistic regression; †Two-sided chi-square 
test.

Table 3. Risk of breast cancer associated with VDR poly(A) genotypes by 25-hydroxyvitamin D levels 

Vitamin D level 
   (ng/mL)

SS genotype
(case/control)

OR 
(95% CI)*

p-value† SL+LL genotype 
(case/control)

OR 
(95% CI)*

p-value†

By median
   <14 39/36 2.23 (1.05–4.72) 0.035 48/20 4.95 (2.24–10.93) <0.001
   ≥14 16/33 - - 14/24 1.20 (0.49–2.92) 0.683
By tertile
   ≤9 35/24 3.50 (1.41–8.62) 0.006 41/13 7.56 (2.88–19.89) <0.001
   >9.0, ≤16         10/21 1.14 (0.39–3.27) 0.803 11/17 1.55 (0.53–4.47) 0.414
   >16 10/24 - - 10/14 1.71 (0.57–5.13) 0.335

VDR=vitamin D receptor; OR=odds ratio; CI=confidence interval. 
*ORs were obtained from a binary logistic regression; †Two-sided chi-square test.
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to vitamin D levels of the control, the lower tertile was associ-
ated with the development of breast cancer.

When the genotype frequency of poly(A) polymorphism in 
combination with plasma vitamin D levels was studied in 
relation to breast cancer, a significant association was seen 
(Table 3). In this table, the poly(A) genotypes were divided 
into two categories, SS and genotypes containing the L alleles 
(LL+LS). Levels of 25(OH)D were divided according to Table 
2. When the SS genotype with higher 25(OH)D median levels 
was used as the reference, patients with L alleles (LL+LS) who 
had lower 25(OH)D levels showed a significant and larger 
increase risk for breast cancer. 

When the vitamin D level was divided into three groups 
(tertile) and SS genotype with higher 25(OH)D levels (upper 
tertile) was used as the reference, samples that had lower 
25(OH)D levels (lower tertile) showed significant correlation 
with breast cancer risk, but larger increase in risk for breast 
cancer was observed in individuals with poly(A) L allele 
(LL+LS).

DISCUSSION

There has been much global investigation of the role of ge-
netic susceptibility and environmental risk factors on the de-
velopment of breast cancer [22]. There is growing evidence of 
protective effect of vitamin D against breast cancer, and vita-
min D deficiency was identified as a risk factor for initiation 
and progression of breast cancer [10]. Despite compelling 
data in different studies, more investigations of VDR gene 
variants are required to provide sufficient data to obtain con-
sistent and precise predictions for vitamin D supplementation 
for breast cancer prevention or treatment [23]. We demon-
strated significant relation between serum levels of vitamin D 
and susceptibility to breast cancer. Our finding suggest that a 
deficiency in 25(OH)D may influence the development of 
breast cancer.

Because vitamin D is mediated by VDR as a ligand-depen-
dent transcription factor, variants in VDR gene may influence 
receptor action and may be associated with increased risk of 

breast cancer [13]. Based our results, there is a significant as-
sociation between polymorphism in VDR poly(A) microsatel-
lites and susceptibility to breast cancer. We demonstrate a sta-
tistically significant increased risk of breast cancer associated 
with the VDR poly(A) L allele.

Previous results, some of which are controversial, for the 
association of VDR poly(A) length polymorphism with breast 
cancer risk are presented in Table 4 [16,17,24-26]. Our report 
is similar to results obtained from a United Kingdom Caucasian 
population in which the poly(A) L allele of this locus was as-
sociated with an increased risk of breast cancer [24]. It has 
also been reported that the LL genotype of poly(A) microsat-
ellites was associated with a higher breast cancer risk [16]. In 
contrast, results obtained from a United States population in-
dicate that the S allele of this locus is associated with an in-
creased risk of breast cancer [17]. Furthermore a protective 
effect of the poly(A) L allele against breast cancer was report-
ed among women from 21 states in the United States [25]. 
However, other studies did not record any significant associa-
tion between poly(A) variants and breast cancer risk [26]. 
Zhang and Song [27] performed a meta-analysis to assess 
previous studies and did not find any significant association 
between the poly(A) variation and breast cancer risk. In contrast, 
we demonstrate a significant association between poly(A) 
variation and breast cancer risk. These diverse and conflicting 
reports demonstrate possible genetic differences of the VDR 
gene between ethnic groups, the influence of environmental 
factors, and gene-gene interactions.

Poly(A) microsatellites are located in the 3́ -untranslated re-
gion (3́ UTR) of the VDR gene, and it is established that this 
region does not affect the structure of the VDR protein. Since 
this region significantly determines the stability, localization, 
translation and degradation of messenger RNA [28] and con-
sidering the varying results for poly(A) L and S alleles in this 
study, we conclude that the poly(A) microsatellite sequence 
plays an important role in posttranscriptional regulation of 
the VDR gene either by altering mRNA stability or through 
the interaction of the mRNA with the translational apparatus. 
Therefore, the polymorphism within the 3́ UTR of the VDR 

Table 4. Reported result in previous study on relevance of VDR poly(A) variant and breast cancer susceptibility

Country (year) No. of cases/controls Cases sample
Poly-A repeat

Author(s)
S allele L allele

India (2009) 160/140 Breast cancer 8–11 16–18 Chakraborty et al. [16]
USA (2007) 1,631/1,435 Breast cancer - - Trabert et al. [26]
UK (2001) 181/241 Breast cancer 13–17 18–24 Bretherton-Watt et al. [24]
USA (2000) 143/300 Breast cancer 14–17 18–22 Ingles et al. [17] 
USA (2007) 500/500 Breast cancer 14–17 18–22 McCullough et al. [25]

VDR=vitamin D receptor. 
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gene may influence the VDR gene expression level. Some pre-
vious studies have had controversial hypotheses for influence 
of this locus on mRNA stability. Whitfield et al. [18] suggested 
that the VDR poly(A) L allele may produce more stable 
mRNA. On the other hand, Durrin et al. [29] reported that 
the 3́ UTR of the VDR gene does not affect the stability of 
mRNA. Additionally, previous studies have found that VDR 
has a critical role in formation of the biologically active form 
of vitamin D by binding to it [9]. Tiosano et al. [30] studied 
patients with a defective VDR. Their results exclude a role for 
VDR in 1α-hydroxylation. Result showed that 1α-hydroxylase 
activity increased by 3- to 6-fold in VDR-defective subjects 
compared with the controls. A similar increase in 1,25-(OH)2D 
(active form of vitamin D) levels was reported for VDR 
knockout mice. Hence, we conclude that VDR polymorphism 
may influence on vitamin D metabolism and 25(OH)D level.

Logistic regression for this analysis show higher risk for 
breast cancer in carriers of the poly(A) L allele (LL+LS geno-
type) who had lowered 25(OH)D levels. The findings in our 
study suggest that higher levels of vitamin D (especially in in-
dividuals with poly(A) L allele) can decrease susceptibility to 
breast cancer. 

To summarize, we suggest that deficiency of the 25(OH)D 
may influence the development of breast cancer. Further, 
poly(A) polymorphisms of VDR gene may affect 25(OH)D 
levels and susceptibility to breast cancer, so that poly(A) L al-
lele are more susceptible to breast cancer in the presence of 
low 25(OH)D statuses. 
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